Phosphatic metabolites, intracellular pH and free [Mg2+] in single, intact porcine carotid artery segments studied by 31P-NMR.
Superfused porcine carotid artery segments (approximately 7 cm lengths) were analyzed by 31P-NMR spectroscopic methods to characterize the 31P spectrum of arterial smooth muscle and to determine the influence of passive stretch (intraluminal pressurization, 95-100 mmHg) on cellular phosphatic metabolite levels, intracellular pH and free magnesium concentration ([Mg2+free]i). Equilibrated, single, intact arteries were studied under steady-state, constant flow conditions at 37 degrees C. Phosphoethanolamine, phosphocholine, inorganic phosphate (Pi), phosphocreatine (PCr) and nucleoside triphosphates (NTP), primarily ATP, were the principle metabolites detected in the 31P-NMR spectrum of intact arterial smooth muscle. The concentration of these metabolites and intracellular pH, as determined from the referenced chemical shift of Pi, were unaffected by pressurization. The PCr:Pi ratios determined for nonpressurized (flaccid) and pressurized arteries were 1.2 +/- 0.1 and 1.3 +/- 0.3, respectively. Intracellular pH averaged 7.02 +/- 0.02 (mean +/- 1 S.D.) for flaccid arteries vs. 7.03 +/- 0.05 for pressurized arteries. The upfield chemical shift of the beta-ATP peak, which has been described in other types of smooth muscle, was also observed in these experiments. Interestingly, pressurization significantly shifted the resonance position of this peak, which was interpreted to represent a change in [Mg2+free]i. The average [Mg2+free]i of flaccid artery preparations was computed to be 0.54 +/- 0.03 x 10(-3) M, as compared to 0.99 +/- 0.10 x 10(-3) M for pressurized arteries. This change in [Mg2+free]i was evident within the first hour following pressurization and persisted thereafter. These findings suggest that altering the resting length of vascular smooth muscle produces a change in [Mg2+free]i. This shift in free Mg2+ levels may act as a metabolic signal triggering a change in vascular smooth muscle metabolism, an effect which has been reported to occur in smooth muscle in response to stretch.